ance; while a third, more familiar listener, may actually understand most of the individual words.
This report describes the development and initial testing of the Preschool Speech Intelligibility Measure (PSIM). The PSIM is a modification of Yorkston and Beukelman's (1980, 1981) single-word speech intelligibility test for dysarthric adults. The PSIM was designed to be a time efficient, reliable, and objective measure of the intelligibility of young children. Yorkston and Beukelman (1980) suggested using 600 single words in a multiple-choice format for assessing the intelligibility of adults with dysarthria. Within their procedures, they organized 600 test words into 50 sets of 12 phonetically similar forms. Before each testing session, the examiner compiles a unique 50-word stimulus set by randomly choosing one word from each of the original word sets. The examiner then obtains an audiotaped sample of a client's oral reading of the words and enlists a second examiner to identify the speaker's intended words, using the audiotape and a multiple-choice format. The format consists of all 600 test words divided into 50 sets of 12 words, a target word and 11 other phonetically similar words, with the percentage of target words correctly identified yielding a metric of speech intelligibility. The unique word list used for each test administration controls for listener familiarity of target words, allowing the same listener to serve on repeated occasions without biasing obtained measures.
PSIM Development
In adapting Yorkston and Beukelman's protocol for preschool children, two primary concerns were addressed.
Assessment of Intelligibility of Dysarthric
Speech (Yorkston & Beukelman, 1981) and is designed to plot changes in children's speech intelligibility across time. This instrument is offered as an addition to the existing array of available speech intelligibility measures.
First, given that the original word lists were designed for use with adult speakers, some words might possibly be less familiar to young children than others, and this difference in familiarity might affect performance. As a means of addressing this concern, all 600 of Yorkston and Beukelman's words were compared to a published list of word frequencies in the speech of children aged 4 years 6 months to 5 years 0 months (Hall, Nagy, & Linn, 1984) . Results of that comparison indicated that most of the 600 test words were rarely found in young children's speech. In fact, nearly half of the words were not even included in the published list of 6,550 most frequently used words. Furthermore, only 25 of the words that did appear had a reported frequency of greater than 300 per one million reported tokens. Thus, the 600 test words were taken to comprise a relatively homogeneous set of unfamiliar words for children.
Another concern in adapting Yorkston and Beukelman's measure was stimulus presentation. The targeted PSIM population was composed of nonliterate children, so reading the target words was not an option for PSIM administration as it had been for adults with dysarthria. Instead, Yorkston and Beukelman's (1981) alternate strategy of imitation was used. That is, the children were asked to repeat each of the 50 words following the examiner's model. In order to prevent the examiner's model from being recorded on the tape and biasing the listener, a custom-made microphone switch was designed. This switch interrupted the microphone input while allowing the tape to continue moving. Thus, by depressing the switch, the examiner was able to present her verbal model without recording it. Additionally, the switch provided the means to crudely control the interstimulusinterval of the resultant listening tape.
Piloting of the PSIM procedures was performed with 15 native English speaking children ranging in ability from phonologically impaired to normal speakers and included three different listeners. The piloting confirmed the feasibility of the modeling strategy and of the multiple-choice listening format for use with preschool children. However, an informal review of the listeners' responses indicated they were less likely to choose some foil words than others in 15 of the 50 word lists. As a result, 20 individual words were deleted from the set of 600 and replaced with words that were more phonetically similar to the other items in the respective 12-word list (Appendix A). Additional pilot testing using the revised word lists with seven different children who had similar speaking skills as the original 15 produced percentage intelligibility scores ranging from 26% to 81%, indicating that the range of sensitivity for the measure was appropriate for the preschool age group.
PSIM Testing
Nineteen native English speaking children, ranging in age from 3 years, 5 months to 5 years, 0 months, were selected for initial testing with the PSIM. Each of the children was enrolled in the Language Acquisition Preschool (LAP) at the University of Kansas. Criteria for enrollment in the preschool includes normal cognitive, motor, and social development (Rice & Wilcox, 1995) . As shown in Table 1 , the 19 children exhibited a range of speech and language skills. Each child was administered the PSIM individually (see Appendix B for PSIM words). Testing began by instructing the child in a game of "copy cat" where the examiner says a word and then the child repeats it. The PSIM procedures were practiced with three familiar words (e.g., the child's name, a sibling's name, and a body part such as "nose") prior to the first stimulus item.
During the administration of the practice items, a cuing procedure, such as a nod or finger point, was introduced to prompt the child to say the word at a specific time. This cue was then used throughout the testing to reduce the possibility that the child would respond before the examiner turned on the microphone. Once the child understood the PSIM procedures, actual test items were presented. For each item, the examiner modeled the word with the microphone turned off. Then the examiner turned on the microphone prior to the child's production of the word.
In an attempt to standardize the time between stimulus presentations, the child and examiner counted to five between items. The counting, along with the examiner's verbal model (both unrecorded), allowed approximately a 7-second pause between stimulus items. During subsequent scoring, this time interval allowed listeners to scan the 12 words in the multiple-choice format and make their best guess as to the target word. As an additional aid to the listeners, the examiner recorded the stimulus number prior to each fifth item, e.g., "Now we are ready for number 10." The inclusion of the item number proved essential when listening to children who were unintelligible, where some productions did not sound like any of the 12 response options. The entire PSIM administration was completed within 15 minutes for each child and scoring was accomplished in 5-10 minutes.
Following the test administration, three graduate students in speech-language pathology, who were familiar with the 600 PSIM words, scored the 19 tapes in counterbalanced order within a week. Average PSIM scores reported in Table 2 for the 19 children and 3 listeners ranged from 43% to 94%. Correlations between the judges' PSIM scores were high: Judge A-B, r = .97, p >.01; Judge A-C, r = .94, p > .01; Judge B-C, r = .91, p > .01.
PSIM Validity
Although intelligibility is a composite of many parameters, articulatory precision is central to the understandability of a spoken message. As such, the PSIM scores for the initial 19 subjects were compared to percentile scores on the Goldman-Fristoe Test of Articulation (Goldman & Fristoe, 1986) and to teacher intelligibility ratings (Kansas Department of Education, 1988) to establish concurrent validity. All of the intelligibility ratings were provided by the LAP teacher. The LAP teacher is a speech-language pathologist and was familiar with all 19 children. All three measures, the PSIM, Goldman-Fristoe Test of Articulation, and the teacher rating, were obtained within a 1-week time period. Results indicated that the PSIM scores were highly correlated with the Goldman-Fristoe Test of Articulation percentile scores and the teacher ratings: PSIM-GFTA, r = .73, p < .01; PSIM-teacher rating, r = -.78, p < .01; which established concurrent validity between all measures.
PSIM Reliability
Fifty sets of 12 phonetically similar words yield 12 50 possible 50-word combination tests. As a result, it is unlikely that even highly experienced listeners could correctly guess a child's responses based solely on their familiarity with the PSIM words. However, given the number of possible combinations, it is possible that not all of the 12 50 possible tests forms are equal in their difficulty or sensitivity. Information on the test-retest reliability of the PSIM is pertinent to this issue and was obtained by administering the PSIM to 12 subjects aged 3 years 5 months to 5 years 9 months. These children were also enrolled in LAP and exhibited a range of speech and language abilities similar to those of the original 19 speakers. Each of the twelve children was administered two different randomized lists of fifty PSIM words within a 1-week period. Two graduate students in speechlanguage pathology, who were familiar with the 600 PSIM words, listened to all 24 of the administrations within a 2-week period, and comparisons were made between the two administrations ( Table 3) .
As shown in Table 3 , the differences in PSIM scores between the first and second administrations ranged from 0 to 16 percentage points, Mean = 4.8%, for one judge; and from 0 to 14 percentage points, Mean = 6.3%, for the second judge. In 18 of the 24 cases, scores from the two PSIM administrations were within 6% (or three test items) of each other. A correlation coefficient indicated a positive correlation between the two randomized PSIM administrations for each of the judges: Judge 1, r = .92, p < .01; and Judge 2, r =.94, p < .01. Intrajudge reliability was assessed by having the first of these two listeners score each of the 24 tapes a second time 1 month after the initial scoring. This resulted in two separate comparisons, one from the 12 children's first PSIM administration and the second from the second PSIM administration (Table 4) .
Difference scores from repeated ratings of the same PSIM administration by the same listener ranged from 0 to 6 percentage points or 3 items (Mean = 3.5%) for the first administration and 0 to 6 percentage points (Mean = 2.8%) for the second administration scores. Correlations between the two ratings of each of the two administrations were high: Administration 1, r = .97, p < .01; and Administration 2, r = .98, p < .01.
Inter-and intrajudge reliability ratings for the PSIM were high, with all correlations being above .90. These high scores indicate that different judges give the same child similar PSIM scores when listening to the same sample. Therefore, if it is not possible to have the same listener score pre-and post-test measures, gains in single-word intelligibility as measured by the PSIM should not be greatly affected when two different listeners are used. Additionally, listeners score children similarly on different forms of the PSIM, confirming the appropriateness of using multiple forms of the measure when assessing a child's progress across time.
Discussion
This paper describes the development and initial testing of the Preschool Speech Intelligibility Measure, designed to provide an objective measurement of the single-word intelligibility of preschool children with a wide range of speech-language abilities. Continued use of the PSIM is supported by several of the findings of this project. First, all 43 children in the piloting and initial testing actively participated in the elicitation task. The children understood the imitation task and the cuing procedure after only three trial items and participated with little need for encouragement or adjustment in the procedure. Perhaps counting aloud during the interstimulus interval assisted in keeping the child engaged in the task for the entire test administration. Second, the adult listeners produced relatively unbiased intelligibility scores from the resultant tapes. The phonetic similarity of the words in each 12-item set, as well as the numerous test forms available, made it difficult for listeners to simply "guess" the child's response. Instead, the listener had to concentrate on the child's productions and make judgments concerning their intelligibility. Third, the procedures yielded high inter-and intrajudge reliability ratings. All correlations of PSIM scores between and within judges were above .90.
The results reported here may be taken to indicate a relatively restricted range in PSIM scores in this group, as there were no scores below 43%. However, more recent use of the PSIM in clinical settings with younger children who have phonological impairments and older children with Down syndrome, hearing impairment, and other handicapping conditions indicate that some children do score lower on the PSIM, some as low as 7%. Therefore, the PSIM does appear to test a large range of intelligibility scores in children with a variety of speech impairments.
An initial concern during the development of the PSIM was the use of unfamiliar words as a means of measuring intelligibility in young children, although homogeneity of the words is probably more important for assessment purposes than familiarity. The advantage of using unfamiliar words is that a much larger set of words is available for selection of stimuli. Additionally, concern regarding children's ability to correctly articulate unfamiliar words is diffused by the strong correlations found between the PSIM and the Goldman-Fristoe Test of Articulation, r = .73, p < .01. This high correlation indicates that children who have difficulty correctly producing familiar words on the Goldman-Fristoe also have difficulty producing unfamiliar words on the PSIM.
For years, investigators have debated the validity of single-word measures in terms of their ability to represent performance on connected speech tasks (Yorkston & Beukelman, 1978; Healy & Madison, 1987; Morrison & Shriberg, 1992; Weston & Shriberg, 1992) . Taken together, the high correlations obtained between the PSIM and both the Goldman-Fristoe Test of Articulation and the teacher ratings of intelligibility confirm the validity of the PSIM in terms of both single-word data and informed judgments based on long-term exposure to a child's speech. Moreover, the PSIM appears to extend rather than merely duplicate articulation information. For example, subjects 2, 3, and 4 all achieved mean scores of 90% on the PSIM, whereas their Goldman-Fristoe percentile scores varied by 25 points (64, 76, and 89, respectively.) A similar pattern is observed between the PSIM and the teacher rating scale. For example, subjects 8, 9, 11, 13, 15, and 17 were all rated 3 on the teacher rating scale. These five children show a substantial range on the PSIM: 77%, 76%, 67%, 65%, 55%, and 46%, respectively. The increased range in the PSIM relative to the teacher ratings allows clinicians to assess a child's progress with more sensitivity than the teacher rating scale provides, which is mainly used as a judgment of severity and not as a means to plot progress.
Shriberg and his colleagues (Kwiatkowski & Shriberg, 1992; Morrison & Shriberg, 1992; Weston & Shriberg, 1992) have argued for the use of connected speech samples in assessing speech intelligibility because of the inherent limitations of single-word productions for representing natural, communicative productions. In large part, we agree with this assessment. However, conversational speech samples also have limitations. The primary limitation is lack of control of the speech material for assessment. Conversational speech, by its very nature, does not allow one to predict or control the targeted items. As a result, post-test situations are never identical to pretest situations. Further, in most cases, the speech samples must be transcribed by a trained professional, a process which is labor intensive and may be influenced by listener familiarity.
Although it is appealing to envision a single speech intelligibility measure with the power to represent a speaker's overall communicative effectiveness, the inherent complexity of intelligibility makes it unlikely that a single measure will emerge in the foreseeable future that is appropriate for all speakers, listeners, messages, and contexts. Instead, those interested in measuring speech intelligibility must identify their specific evaluation aim or purpose. If the purpose is to describe a child's natural speech relative to her peers, then starting from a connected speech sample may be the best choice. However, for other purposes, a different corpus may be equally or more effective. Our belief is that the PSIM has potential as a within-subject measure of change in intelligibility across time. The control obtained by the 50-word elicitation format allows for the direct comparison of different administrations of the test to the same child. Since each administration uses different words, there should be little learning effect for either speaker or listener across administrations. In fact, Yorkston and Beukelman (1981) suggest the use of listeners who are already familiar with the protocol and the 600 words in order to reduce test-retest variability of the measure. This type of control is difficult to achieve for measures derived from conversational samples.
It is likely that the best assessment of phonological abilities in young children consists of a composite of individual measures. The use of multiple measures in the assessment of young children allow speech-language pathologists to assess different aspects of the phonological system and determine the best possible treatment plan for a specific child. Measures such as the PSIM are an appealing addition to current available measures in that they provide speech-language pathologists with an objective and systematic measure of intelligibility and assess the child's ability to imitate unfamiliar words, a skill not assessed by most other tests. Additionally, the ease and quickness of PSIM administration and scoring make it an appealing addition to the speech-language pathologist's testing protocol. Please circle the number which most likely describes the intelligibility of the child named above. 0) Conversational speech reflects standard adult patterns.
1) Conversational speech contains some sound production differences. Sound production differences are developmentally appropriate. Spontaneous development of standard adult phoneme production is expected. No therapy indicated.
2) Conversational speech is intelligible although noticeably in error. Use of articulatory shift processes which are inappropriate for age such as voicing deviations, deaffrication, frontal distortions. Sound production reflects common types of distortions or substitutions of later-developing phonemes. Sound productions appear to be developing in normal progression, although delayed up to one year. Sound productions may vary with phonetic context, indicating that spontaneous phoneme development could occur. Periodic observation, but no therapy, indicated unless the child is eight years old, or older.
3) Conversational speech contains words and phrases which are not intelligible. Excessive use (40% or more) of substitution or omission processes which are inappropriate for age, such as velar deviations, stridency deletion, and cluster reduction. (As prevalence of phonological processes increases the resulting decrease in intelligibility would warrant a more severe rating.) Sound productions are not developmentally appropriate and are delayed more than one year. (A delay in phoneme development of more than one year may warrant a rating of "3" despite no decrease in intelligibility.) Spontaneous development of standard adult phoneme production is not expected. Therapy indicated.
4) Conversational speech is intelligible only with knowledge of the context and familiarity with the pupil and pupil's sound system. Excessive use (40% or more) of omission processes (such as syllable reduction, prevocalic and postvocalic sound deletion) or unique processes which are inappropriate for age. Sound productions reflect use of limited number of phonemes or phoneme classes. Sound productions are not developmentally appropriate and are delayed more than one year. Spontaneous development of standard adult phoneme production is not expected. Therapy indicated.
